Later wet seasons with more intense rainfall over Africa under future climate change Article Accepted Version Dunning, C., Black, E. and Allan, R. (2018) Later wet seasons with more intense rainfall over Africa under future climate change. Journal of Climate, 31. pp. 97199738. ISSN 0894 8755 ABSTRACT Changes in the seasonality of precipitation over Africa have high potential for detrimental socio-economic impacts due to high societal dependence upon seasonal rainfall. Here, for the first time we conduct a continental scale analysis of changes in wet season characteristics under the RCP 4.5 and RCP 8.5 climate projection scenarios across an ensemble of CMIP5 models using an objective methodology to determine the onset and cessation of the wet season. A delay in the wet season over West Africa and the Sahel of over 5-10 days on average, and later onset of the wet season over Southern Africa is identified, and associated with increasing strength of the Saharan Heat Low in late boreal summer, and a northward shift in the position of the tropical rain belt over August-December. Over the Horn of Africa rainfall during the 'short rains' season is projected to increase by over 100mm on average by the end of the 21st century under an RCP 8.5 scenario. Average rainfall per rainy day is projected to increase, while the number of rainy days in the wet season declines in regions of stable or declining rainfall (West and Southern Africa) and remains constant in Central Africa, where rainfall is projected to increase. Adaptation strategies should account for shorter wet seasons, increasing intensity and decreasing rainfall frequency, which will have implications for crop yields and surface water supplies. . Introduction 31 Africa is acutely vulnerable to the effects of climate change. The large proportion of the popu-32 lation dependent upon rain-fed agriculture for their source of income and subsistence means that 33 future changes in rainfall over Africa have high potential for detrimental socio-economic con-34 sequences. In particular, the timing of the seasonal cycle determines the length of the growing 35 season and agricultural yields (Vizy et al. 2015), and affects the transmission period of a number 36 of vector borne diseases (Tanser et al. 2003). Understanding future changes in the seasonal cycle 37 of precipitation over Africa is crucial for establishing appropriate adaptation strategies. In order 38 to assess and interpret future projections of rainfall, we require an improved understanding of the 39 drivers and physical mechanisms behind future changes in seasonality. For the most part, coupled 40 climate models have been found to accurately represent the seasonal cycle of precipitation over 41 Africa (Dunning et al. 2017), affording the opportunity to investigate future projections and the 42 associated driving mechanisms. 43 The combination of increased atmospheric water vapour in a warming climate (Held and Soden 44 2006; Allan et al. 2010; Chou et al. 2013) with changes in atmospheric circulation, leads to a 45 complex pattern of change in rainfall over the Tropics, with changes in seasonality accompanying 46 changes in rainfall amount. Studies documenting recent enhancements in the seasonal cycle of 47 precipitation, with wet seasons getting wetter and dry seasons geting drier (Chou et al. 2013), and 48
where i ranges from 1 January to the day (d) for which the calculation applies. The minima and is defined as the minima in the daily cumulative rainfall anomaly and cessation is defined as the 191 maxima. The period between the minima and maxima is a period when the rainfall is persistent 192 in occurrence, duration, and intensity (Diaconescu et al. 2015) . Due to seasons spanning the end 193 of the calendar year, onset and cessation dates are not calculated for the first or last years of each 194 dataset. 195 In order to produce the timeseries over 1950-2090 the method was modified. The original 196 method does the annual/biannual categorisation over the entire period and also determines the no models showed a change in regime ( Figure S3 ). The Central Africa region was chosen to cover 204 the area that showed a large increase in wet season rainfall, with a few models showing a change 205 in regime. The multi-model-mean annual seasonal cycle over the region exhibits an annual regime 206 for both 1980 -1999 (historical simulation) and 2080 -2099 day the range of latitudes where the rainfall is greater than half of the maximum rainfall rate is 256 considered; within this range the latitude of the rainfall centroid is taken to be the mean location we expect increasing lower tropospheric temperatures, resulting in higher lower level atmospheric 278 thickness (implying a stronger SHL) and higher geopotential height (implying a weaker AL).
279
Therefore, in order to compare the changing strengths of the SHL and AL, using a metric that simulations (1979-2008) . The purple line is produced using TAMSATv3 precipitation Multi-model mean timeseries are computed after a 5 year moving average has been applied, and a 5 year moving average is also applied to the observation timeseries; trends are computed using the unsmoothed data. 
